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Robenius ( ) Jor an











$C=\{\begin{array}{llllll}0 1 0 0 ...\ddots O\vdots \vdots \ddots 0 0 \cdots 0 \ddots 1c_{0} c_{1} \cdots \cdots c_{n-2} c_{n-1}\end{array}\}$ (1)
$f(x)=x^{n}-c_{n-1}x^{n-1}-\cdots-c_{1}x-c_{0}$ ’ $\text{ }1$
$f(x)=x-c\mathit{0}$ 1 $\mathrm{x}1$ $[c\mathrm{o}]$
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(i) $n\cross n$ $A$ $S$
$A$ Frobenius ( )
$F=S^{-1}AS=C_{1}\oplus c_{2}\oplus\cdots\oplus C_{t}$ . (2)
$c_{i}(i=1, \cdots, t)$ $d_{\dot{\mathrm{t}}}\cross d_{i}$ (1) $C_{i+1}$
$\varphi_{i+1}(x)$ $c_{i}$ $\varphi_{i}(x)$ ($i=1,$ $\ldots$ , t–y
(ii) $A$ (2) Robenius $F$













$\varphi 1(k, \ell)$ : $A$ $k$ $\ell$ $k$ $l$
$op2(k, c)$ : $A$ $k$ $c^{-1}$ $k$ $c$
$\varphi 3(k, \ell, c)$ : $A$ $k$ $\ell$ $c$ $\ell$ $k$ $c$
$A\mapsto S^{-1}AS$ $S^{-1}$
$S$ . . . $S_{3}^{-1}(S_{2}^{-1}(S_{1}^{-1}AS_{1})S_{2})S_{3}\cdots$




$A$ $AS=SF$ $F$ $S$
( ) $\varphi 2(k, c)$ $\mathrm{r}_{c^{-1}}$
Euclid { $cs+pt=1$ $s,$ $t$ $s\equiv c^{-1}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p)$
$p$
$\mathrm{Z}_{\mathrm{p}}$ Frobenius $A_{p}S_{p}=S_{p}F_{\mathrm{p}}$ $\mathrm{Z}$
$F_{\mathrm{P}1},$ $F_{p\mathrm{z}},$ $\ldots$
$\mathrm{Z}$ $F$ Chinese Remainder




$m_{1},$ $m_{2}$ $m_{1}s+m_{2}t=1$ 1 $s,$ $t$
$\{$
$x\equiv a_{1}$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{1})$
$x\equiv a_{2}$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{2})$
$\Rightarrow$ $x\equiv a_{1}m_{2}t+a_{2}m_{1}s$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{1}m_{2})$ (3)
$p_{1},$ $p_{2},$ $p_{3},$ $\ldots$ ( $p_{1},$ $p_{1}p_{2},$ $p_{1}p_{2}p_{3},$ $\ldots$ [
$\{$
$x\equiv a_{k-1}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p_{1}\cdots p_{k-1})$
$x\equiv a_{k}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p_{k})$
$(k=2,3, \ldots)$ (4)




$\mathrm{Z}$ $AS=SF$ $\mathrm{Z}_{p}$ $A_{p}S_{p}=S_{p}F_{p}$ $F\not\equiv F_{p}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p)$
[ $S\not\equiv S_{p}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p)$ $p$ unlucky
7(Howell[8])








$E$ A $E$ $arrow$ $S^{-1}$ $F$ $S$ (5)
$S$ $S_{k}$
$S=S_{1}S_{2}\cdots$ $S$




$AS=SF$ $S$ ( )
[12] $AS=SF$
$A$ $F$ $S$ T $n\mathrm{x}n$




% : $n\mathrm{x}n$ $A$ Robenius $F=C_{1}\oplus C_{2}\oplus\cdots\oplus C_{t}$
% $C_{k}$ $\varphi_{k}(x)=x^{d_{k}}-c_{k,d_{k}-1}x^{d_{k}-1}-\cdots-c_{k,1}x-c_{k,0}$
% $:AS=SF$ $S=[s_{1,1}|\cdots|s_{1,d_{1}}|\cdots|s_{t_{\mathfrak{l}}1}|\cdots|s_{t},d_{\mathrm{t}}]$
for $k=1$ to $t$ do
Compute $s_{k,d_{k}}$ by solving $\varphi_{k}(A)s_{k,d_{k}}$. $=0$;
for $j=d_{k}-1$ downto 1do $s_{k,j}=As_{k,j+1}-c_{k,j}s_{k,d_{k}}$ ;




% : $n\mathrm{x}n$ $A$ $\{p_{1},p_{2}, \ldots,p_{\epsilon}\}$
% $F^{(k)}$ $\mathrm{m}\mathrm{o}\mathrm{d} p_{1}\cdots p_{k}$ ( unlucky $p_{i}$ )
% $S_{pk}$ #
% : $A$ Frobenius $F$ $S$ $(AS=SF)$
Compute $F_{p:}$ $\mathrm{s}.\mathrm{t}$ . $A_{p:}S_{p:}\equiv S_{p:}F_{p:}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p: i=1,2,3)$ ;
Presume the correct pivoting pattern using the above 3results;
% $p_{1},p_{3}$
% $\mathrm{u}\mathrm{n}\mathrm{l}\backslash \mathrm{l}\mathrm{c}\mathrm{k}\mathrm{y}$
Construct $F^{(3)}$ from $F_{p1}$ and $F_{\mathrm{P}3}$ by CRTj
$k:=3\mathrm{j}$ count: $=1$ ;
loop :Do until $(F^{(k-1)}=F^{(k)})$
$k:=k+1$ ;
Compute $F_{pk}$ $\mathrm{s}.\mathrm{t}$ . $A_{pk}S_{pk}\equiv S_{pk}F_{pk}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p_{k})$ ;
If $p_{k}$ does not yield the presumed pivoting pattern
then {count $:=cmnt+1j$ If count $=10$ then STOP;}
else Construct $F^{(k)}$ from $F^{(k-1)}$ and $F_{pk}$ by CRT;
If $\varphi(A)\neq O$ then goto loop; % $\varphi(x)=\mathrm{n}\dot{\mathrm{u}}\mathrm{n}.\mathrm{p}\mathrm{o}\mathrm{l}$ . of $F^{(k)}$
Construct $S$ ffom $A,$ $F^{(k)}$ by Algorithm-l (over $\mathrm{Z}$);
While rank(S) $<n$ (over Z) do reconstruct $S$ by Algorithm-l;
Return $\langle F^{(k)}, S\rangle$
3.3
Reduce3.7[6](Windows )+R $\mathrm{S}\mathrm{P}$ ’ $88[11]$
:algebraic mode $\mathrm{Z}$ $\mathrm{z}_{p}$ :symbolic mode. CPU :Pentium4 $(2\mathrm{G}\mathrm{H}\mathrm{z})$ :IGB( $1.5\mathrm{G}\mathrm{B}$). $2^{31}$ $\{p_{1},p_{2}, \ldots,p_{1}000\}=$ {2147483647, 2147483629, . . . , 2147462143}
: \rightarrow













$p$ $q$ $r$ $s$ ($p,$ $q,$ $r,$ $s$ $\in$ Z)
(6)












$p/k^{4}$ $q/k^{3}$ $r/k^{2}$ $s/k$
$=:F$ (8)
$F$ $\tilde{A}/k=A$ Frobenius ( $\tilde{F}=C_{1}\oplus C_{2}’\oplus\cdots\oplus C_{t}$
$V=V_{1}\oplus V_{2}\oplus\cdots\oplus V_{t}$ ) $(\tilde{S}V)^{-1}A(\tilde{S}V)=F$ $S:=\tilde{S}V$
$AS=SF$ ( $a_{ij}\in \mathrm{Q}$ $s_{\dot{\iota}j}\in \mathrm{z}$ )
42
3( Wang, 1981)
% : $c$ $m$ $(0<u<m)$ $\tilde{m}:=\sqrt{m}/2$
% : $a/b\equiv c$ $(\mathrm{m}\mathrm{o}\mathrm{d} m)$ $-\overline{m}<a<\tilde{m}$ , $0<b<\tilde{m}$
(R1) $u:=(1,0, m)$ ; $v:=(0,1, c)_{l}$.
(R2) while $v\mathrm{s}\geq\tilde{m}$ do $\{q:=u_{3}/v_{3}; r:=u-qv; u:=v; v:=r\}$ ;
(R3) if $\mathrm{a}\mathrm{b}\mathrm{s}(v_{2})\geq\tilde{m}$ then ERROR;
(R4) $a$ $:=\mathrm{s}\mathrm{i}\mathrm{g}\mathrm{n}(v_{2})v\mathrm{s}$ ; $b$ $:=\mathrm{a}\mathrm{b}\mathrm{s}(v_{2})$ ;
(R5) return $((a, b))$ ;
$A$ $F$ (over Q)
$A$
$a_{ij}$ $p$ unlu&y $S$
$S^{-1}AS=\{\begin{array}{llll} 1 1 1p’ q r s\end{array}\}=:F$
















Rat [10] $F,$ $S$ $(AS=SF)$
Zmod
(1) $\tilde{A}:=kA$
(2) $+\mathrm{C}\mathrm{R}\mathrm{T}$ $\overline{F}$ (over Z)
(3) $\tilde{A},\tilde{F}$ $\tilde{S}$ (over Z) [ ] (2) (3) 2
(4) $\tilde{F}$ $F$ (over Q) $S:=\tilde{S}V$
Qmod
(1) $+\mathrm{C}\mathrm{R}\mathrm{T}+$ $F$ (over Q)
(2) $\tilde{A}:=kA$ $\tilde{F}$ (over Z)
(3) $\tilde{A},\tilde{F}$ $\tilde{S}$ (over Z)
(4) $S:=\tilde{S}V$
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$\ovalbox{\tt\small REJECT}^{arrow}1:$ CPU-Time(sec) for rational matrices I
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